There are two opposed views on the problem of postnatal lung growth. The first (Short, 1950) considers that the lung at birth has its full complement of alveoli and that further growth takes place by an increase in linear dimensions of existing units. The second, as summarized by Emery and Mithal (1960) , proposes that growth occurs by an increase in the number of respiratory units.
Willson (1922) investigated two lungs by serial section and wax reconstruction. He found a dichotomous branching system of the air passages and also that the bronchioles do not decrease in diameter as the periphery is approached. He thought that the lung of a child, one case " under 13 years of age," was as complex as that of an adult. Broman (1923) suggested that in higher mammals, including man, the number of alveoli at the time of birth had not reached its adult value. In a further investigation into this problem Willson (1928) observed that there was more connective tissue between the air spaces at birth than at later stages of childhood or in the adult. He concluded that postnatal development of the human lung occurred, at least until the age of 7 years, with new branches of the peripheral part of the bronchial tree being formed by " centripetal and centrifugal " processes occurring at the same tinme. Barnard and Day (1937) found that the lung did not change essentially in structure after the sixth month of foetal life. They inflated foetal lungs artificially by suction in a closed chamber, with or without simultaneous perfusion of the pulmonary artery, and noted that it was impossible to transform the appearance of immature lungs. During and after the sixth month such procedures resulted in the lung resembling that of an adult to varying degrees. Short (1950) concluded, wrongly as has been shown by the electron microscope studies of Low (1953) , that there was no true lining alveolar epithelium. He thought that lung growth was determined by purely physical factors, and showed, to his own satisfaction, that distension of a rabbit lung at birth gave structural results similar to those of growth in vivo. Loosli and Potter (1959) , on the basis of a descriptive study, claimed that, although new pulmonary units may develop up to three years after birth, lung growth after this period can be accounted for by an increase in length and size of respiratory bronchioles, alveolar ducts, sacs, and alveoli. Emery and Mithal (1960) concluded that new alveoli were formed up to the age of puberty.
The purpose of the present paper is to approach the problem quantitatively by determining the number of alveoli present at various ages, and also to estimate the extent of the air-tissue interface and its relationship to body surface area at different stages of growth.
MATERIAL AND METHODS
Twenty lungs taken from 10 children, aged from birth to 8 years, have been examined, and in addition several adult lungs have been available for comparison. All the children died from conditions other than respiratory disease and all were mature at birth. This accounts for the small number of cases examined. Most children dying in this age range are either premature or suffer from respiratory disorders, and in both these states lung development may not proceed normally, according to Mithal and Emery (1961) .
The height and weight of each child was determined and its surface area calculated from the data of Du Bois and Du Bois (1916) . The results are shown in Table I .
All the lungs were fixed with formalin vapour employing the method of Weibel and Vidone (1961) .
As the total lung capacity during life was not known, the lungs were distended to dimensions which were as near as possible the same as those of the internal thoracic measurements of the cadaver but were never less than these. The volume of the inflated lungs both before and after fixation was determined by water displacement. The fixation constants for volume were then determined, and these are given in Table II . The processing constants varied less than 5% from case to case with a mean value of 0.78 for the volume constant for conversion of fixed to processed material. The methods employed for the determination of the quantitative data required were those described by Dunnill (1962) . These may be summarized as follows:
The lungs were cut through the hilum into 1 cm. slices and the volume of parenchyma and nonparenchyma (blood vessels and bronchioles of 1 mm. diameter) determined by the point-counting method. The results are shown in Table III .
Blocks of tissue of standard size, 2.8 x 2.0 x 1.0 cm., were selected by the random sampling technique.
Sections were cut at 4 ju and stained by haematoxylin and eosin, periodic acid Schiff, and Masson's trichrome methods.
The volume proportions of alveolar air, alveolar duct air, tissue, and vessels were determined on histological analysis using the Zeiss point-counting, integrating eyepiece. The results are given in Table III .
The enumeration of alveoli was performed using the counting principle of Weibel and Gomez (1962) . The number of alveolar transections seen in an area measuring 9.08 x 10' sq. cm. was counted, and the number per cubic centimetre was then deduced. Ten fields were counted on each slide and seven slides were assessed in each case. The number of alveolar ducts and sacs was enumerated by the same method, but for these the shape constant ,8 was taken as being 2.5, the value for cylinders with a ratio of diameter to length of 0.3. For alveoli a value of 1.55 was used.
The surface area of the air-tissue interface was estimated by the mean linear intercept method (Campbell and Tomkeieff, 1952) . A line 0.235 cm. in length was used and 20 random fields on seven slides were assessed. The values for the mean linear intercept are given in Table IV .
Linear dimensions of alveoli were measured using a micrometer eyepiece. The shape of a normal alveolus was taken as a truncated cone surmounted by a cone (Fig. 3) . Sixty typical alveoli were selected for measurement in each case. The results shown here indicate clearly that the number of alveoli increase in an exponential manner up to the age of 8 years. The volume proportion of tissue declines over this period, and it is reasonable to suppose that the new units are formed from differentiation of the excess tissue present in the neonatal period. This excess tissue, as has been already pointed out, is present at the bifurcation of alveolar ducts and respiratory bronchioles. There is no thickening of the individual alveolar septa which, if present, would of course give rise to diffusion difficulties in the newborn. After eight years of life further growth in lung volume occurs by an increase in linear dimensions. The lung volume doubles between the ages of 8 and 25 years, and this means that the linear dimensions must increase by the cube root of two. Thus an alveolar diameter of 230 al at 8 years would be expected to increase by 1.2 to 280 ,u in the adult. It has been mentioned already that the measurement of alveolar linear dimensions is subject to considerable methodical error. The results shown in Fig. 3 do, however, illustrate the increase in alveolar diameter that occurs between 8 years and adult life.
The number of respiratory passages distal to the first order of respiratory bronchioles increases from approximately 2 million at 3 months to 14 million in the 8-year-old and the adult. Bucher and Reid (1961) at all points of the periphery of the lung. In some regions there are many more generations and in others fewer (Hayward and Reid, 1952) .
It is interesting to note that Cohn (1939 Cohn ( , 1940 in an experimental study of lung growth and regeneration found in rats that, if lung tissue was excised while the animal was young, regeneration occurred with restoration of lung weight to normal values This did not mean that after lobectomy a new lobe was formed but that after an interval the total lung weight returned to normal as a result of formation of new units in the remaining lobes. It might be possible for similar regeneration of lung to occur in children up to 8 years during the period of active lung growth, but it seems unlikely that any regeneration would take place after this period.
The information given here on the values of numbers of alveoli and the area of the air-tissue interface may well prove of value in the quantitative assessment of such clinical conditions as pulmonary hypoplasia and the respiratory syndrome of the newborn. They may also be of use in evaluating pulmonary development in the premature infant.
SUMMARY
A quantitative study of postnatal lung growth has been made and shows that the number of alveoli increases over tenfold between birth and adult life. This increase occurs mainly in the first eight years. After this age, increase in lung volume takes place by increase in linear dimensions of existing alveoli. The mean number of generations of airways increases from 21 to 23, from 3 months to 8 years of age. This increase takes place in the most distal respiratory airways. There is a linear relationship between the surface area of the air-tissue interface and the body surface area during the period of growth. It is suggested that information of this type may well be useful in assessing such conditions as pulmonary hypoplasia, respiratory syndrome of the newborn, and the lung in prematurity. 
